® 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 360 51 1 

A2 



EUROPEAN PATENT APPLICATION 



<© Application number: 89309415.1 
<§) Date of filing: 15.09.89 



© Int. CIAGOIR 35/04 



® Priority: 19.09.88 US 246067 


(jy Applicant GENERAL ELECTRIC COMPANY 


1 River Road 


@ Date of publication of application: 


Schenectady, N.Y. 12345(US) 


28.03.90 Bulletin 90/13 


@ Inventor: BIckford, Dale Michael 




© Designated Contracting States: 


2 Strawberry Hill Drive 


CH DE ES FR GB U 


Rochester New Hampshire 03867(US) 




Inventor: Hardy, Samuel Graham 




222 Old Bay Road 




New Durham New Hampshire 03855(US) 




inventor, rams wo rui, nicnaru ueorge 




308 York Street 




York Maine 03909 (US) 




Inventor: Hawley, John Raymond 




. 20 Ambler Way 




Durham New Hampshire 03824(US) 




Inventor: Varney, Albert Raymond, Jr. 




13 Forest Park Drive 




Rochester New Hampshire 03867(US) 




© Representative: Pratt, Richard Wilson et al 




London Patent Operation G.E. TECHNICAL 




SERVICES CO. INC. Burdett House 15/16 




Buckingham Street 




London WC2N 6DU(GB) 



© Electric energy metering. 



© Redundant pulses generated by independently 
operable pulse sources in an electricity meter are 
<\J accumulated as pulse counts in a pair of channels of 
^a multi-channel recorder. The pulse counts are com- 
^ pared to verify the accuracy of the pulses counted 
r-by each channel. If the difference between the val- 
lAues of the pulse counts exceeds a predetermined 
q threshold value, a trouble indicator is turned on and 
CO a telephone call is initiated by the recorder to notify 
M a data center that a system malfunction has oc- 
Ocurred which is disrupting the accumulation of 
pulses in one of the channels of the recorder. The 
qj pulse counts are stored in the recorder as substan- 
tially duplicate independent measures of energy us- 
age by a load connected to the electricity meter to 



be thereafter retrieved from the recorder to obtain 
energy survey and billing data. The recorder also 
maintains a system status error log which records 
the time and date of each malfunction and the iden- 
tification of the channel pair where the malfunction 
occurred. In one embodiment, the operation of the 
recorder is controlled by a programmable micropro- 
cessor. Combinations of independent power sources 
for powering the recorder and the pulse sources are 
employed to enhance system reliability by making 
each of the pulse sources and the recorder substan- 
tially independently operable. 
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ELECTRO ENERGY METERING 



BACKGROUND OF THE INVENTION 

The present invention relates generally to elec- 
tric energy remote metering and data recording 
systems. 

Electric utilities frequently use data recorders 
(generally referred to as demand or load profile 
recorders) for monitoring energy consumption as 
measured by a meter connected to a consumers 
load. Typically, these recorders are designed to 
record electrical pulses proportional to power con- 
sumption which are provided to the recorder by a 
pulse initiator in the meter. Modern day electronic 
recorders are designed to transmit the recorded 
data to a central computer, via telephone lines, to 
enable the utility to process the data to bill the 
consumer according to his energy consumption. 
One such type electronic recorder is disclosed in 
U.S. Patent No. 4,369,728. Another similar recorder 
is disclosed in U.S. Patent No. 4,439.764. 

Utilities also use the transmitted data for; (i) 
conducting load surveys for load management pur- 
poses, (ii) profiling of a consumers energy con- 
sumption, and (Hi) the collection of data to justify 
rate modifications. 

Recorders of the above type are ideally suited 
for use in meter installations which are widespread 
or not easily accessible. These recorders may also 
be used in installations where a utility wants to 
simultaneously monitor large numbers of meters 
throughout a utility power network, or several me- 
ters located at a large energy consumer account 
such as a commercial or industrial user. Because 
the accumulated metering data is to be used for 
billing and other purposes as set forth above, utili- 
ties want to be assured that the collected data 
does not get lost and that it is accurate and verifi- 
able. An abnormality, . such as a malfunction in the 
power generating system or in the metering or 
recording equipment, can cause the loss of valu- 
able revenue or survey data. Thus, immediate no- 
tification of a malfunction is another requirement. In 
order to achieve these assurances, means must be 
provided to detect the presence of a malfunction 
and to protect against the loss of revenue and load 
profile data in the recorder and to further verify that 
the protected data is valid. To appreciate how a 
remote metering system of the type contemplated 
by the present invention may be used to provide 
the above assurances, it is considered advanta- 
geous to briefly describe how meters and their 
associated registers have been used in remote 
metering and data recording systems. 

It is well known that watthour meters, and simi- 
lar types of meters, contain a register of registers 



for accumulating and displaying various quantities 
of energy consumption, such as total kilowatt- 
hours, watthour demand, etc. The conventional in- 
duction watthour meter, with rotating disc and shaft, 

5 contains a mechanical register (driven by a gear on 
the shaft) which continuously displays the total 
accumulated kilowatt hours consumed. Switch or 
clutch activatable mechanical demand and time of 
use registers are also used on these meters to 

ro display demand and time of use quantities (ie, the 
amount of energy consumed over a predetermined 
time of use period or a specified time interval 
within a time of use period). 

In recent years, micro processor based elec- 

75 tronic registers have been developed for use on 
conventional watthour meters to accumulate pulse 
data proportional to power consumption. This pulse 
data is usually provided to the register from an 
optical pick up or sensor device which senses 

20 meter disc rotation. These registers come in vary- 
ing degrees of sophistication, and have the advan- 
tage that they can perform calculations on accu- 
mulated pulse data and electronically display much 
more information than is possible with a conven- 

25 tional mechanical type register. A pulse initiator 
device is also frequently used in conjunction with 
an electronic register to provide relay contact (from 
A or B) pulses proportional to power consumption 
to an external recorder of the type contemplated by 

30 the present invention. The pulse initiator device is 
driven by pulses from the electronic register. The 
pulse initiator can be either an integral part of the 
register of separate. therefrom. 

When it is desirable to provide relay contact 

3$ pulse data to a recorder from a meter which does 
not have an electronic register, a separate pulse 
initiator is usually installed adjacent to or in the 
meter. In this instance, the pulse initiator receives 
its input data pulses directly from the optical pick 

40 up device in the meter. 

When electronic registers are used, a major 
concern to the utilities is that a system failure or 
equipment malfunction, if left undetected for a sus- 
tained period (such as a month, between meter 

45 - readings) can cause a significant loss of valuable 
revenue data. Typical problems which cause a loss 
of revenue data are, power line or transformer 
failures, loss of power to the electronic register or a 
malfunction in the electronic register or optical pic- 

50 kup device. In addition, when a recorder is used to 
record pulse data, any system failure or malfunc- 
tion which disrupts the pulse initiator output pulses 
from the meter can result in the loss of data being 
fed to the recorder. This loss of recorder data is 
particularly critical, because that data is also used 
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by the utilities to bill consumers. One embodiment 
of the present invention seeks to substantially re- 
duce the possibility of losing this recorder data. An 
embodiment also provides the capability to mini- 
mize the loss of data in the electronic meter regis- 5 
ter by quickly detecting and indicating the pres- 
ence of a system abnormality affecting the register 
performance. Such indication allows the utility to 
take immediate action to correct the abnormality. 

To partially satisfy the above concern, elec- w 
tronic registers have been teamed with conven- 
tional mechanical type registers on conventional 
induction type watthour meters. This teaming of 
registers provides a certain amount of verifiable 
back up data for the utilities not otherwise avail- is 
able. For example, if an electronic register fails, or 
fails intermittently to collect data, and all or part of 
its data is lost, the mechanical register will pre- 
serve at least that part of the meter data duplicated 
on the mechanical register. Mechanical registers 20 
are very reliable. However, rf the mechanical regis- 
ter fails, the electronic register will provide the 
necessary backup data. 

From the foregoing, it can be seen that at 
best, the teaming of an electronic register with a 25 
mechanical register provides a means of protecting 
against the loss of only a portion of the meter data 
when the electronic register fails. Furthermore, in 
the case of a recorder, loss of pulse data from the 
meter can result in the non-recording of valuable 30 
revenue data during that period of time that data 
pulses to the recorder are interrupted. This can 
result in the recording of invalid or incomplete data 
unless means is provided to ensure that the data 
which gets recorded is as valid as possible. Thus, 35 
it can be seen that a need exists to protect against 
the loss of recorder data in the event of an ab- 
normality in the metering system which causes a 
disruption in the pulse data signals to the recorder. 
In addition, a need exists to quickly notify the 40 
electric utility of a system abnormality and to pro- 
vide assurance that the protected data is valid and 
verifiable. 

The aforementioned U.S. Patent No. 4,639,728 
discloses a system for verifying meter data pro- 45 
vided to an electronic recorder. That system em- 
ploys a conventional watthour meter having a me- 
chanical register for registering total kilowatt hours. 
A pulse initiator in the meter generates KYZ relay 
contact output pulses. The KYZ pulses are pro- so 
vided to a micro processor based electronic de- 
mand recorder.. These pulses are accumulated by 
the recorder over a number of successive intervals 
to make up a record. An encoder in the meter can 
be interrogated by the recorder. The encoder per^ 55 
mits reading of the mechanical positions of the 
dials on the meter register into the recorder. At the 
end of the aforementioned record, the register dial 



positions, as indicated by the encoder, are read 
and stored by the recorder. The accumulated KYZ 
pulse data and the encoded register data are com- 
pared. If there is an acceptable correlation between 
the accumulated pulse data (KYZ pulse count) and 
the encoded register data (dial reading), the pulse 
data accumulated during the several successive 
intervals of the record are deemed verified. 

The use of an encoder for the verification of 
pulse data as disclosed in the above mentioned 
patent has disadvantages and limitations. One dis- 
advantage is that the encoder cannot provide full 
back up (redundant) data to support the KYZ pulse 
contact data that might get lost or corrupted due to 
a system abnormality or malfunction. Since an en- 
coder is read to provide a single reading of the 
register dials only at the end of a lengthy record, 
the encoder data is useful only to determine that 
no error has occurred in the KYZ pulse data re- 
corded since the last encoder reading. If an error is 
detected, then the recorded pulse data is suspect 
and thus considered invalid. Since the encoder 
does not provide any duplicate back up data to 
support the invalid KYZ pulse data, the latter data 
is, for all practical purposes, lost because it is 
unusable for billing purposes. As a result, the only 
useable revenue data left is the total kilowatthour 
reading from the meter dial encoder. 

Another disadvantage of dial encoders is they 
cannot be used in fully electronic watthour meters. 
This is due to the fact that these types of meters 
contain fully electronic registers instead of the con- 
ventional mechanically driven registers. Thus, an 
encoder is precluded from use in reading an elec- 
tronic register. Examples of fully electronic wat- 
thour meters are disclosed in U.S. Patents No. 
4,535,287 and 4,556,843. These patents are as- 
signed to the assignee of the present invention. 



SUMMARY OF THE INVENTION 

Illustrative embodiments of the invention seek 
to provide one or more of the following provisions: 
a recorder system which has universal application 
with all types of watthour meters (electronic and 
induction) and/or which protects against the loss of 
recorded meter data and which further promptly 
detects a system abnormality affecting the record- 
ing of such data; 

an apparatus and method for the verification of 
pulse type metering data; 

a method and apparatus in a remote meter record- 
ing system for the verification of pulse-type meter- 
ing data and which is capable of permitting the 
reconstruction of such data for revenue billing in 
the event a system abnormality causes an error in 
such data; 
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a system for the protection and verification of 
pulse-type metering data proportional to energy 
usage by a load wherein redundant pulse data 
representative of independent measures of the 
same energy usage by the load is recorded in 
independently operable parallel channels of a re- 
cording device; 

a system for metering electric energy usage by a 
load capable of accumulating verifiable backup en- 
ergy usage data; 

an electricity metering system and a method there- 
in for accumulating verifiable backup energy usage 
data and expeditiously providing an indication of a 
system abnormality affecting the accumulation of 
energy usage data; 

a remote metering and data recording system ca- 
pable of recording redundant pulse-type metering 
data in pairs of independently operable recording 
channels; 

a data recording system for the protection of pulse- 
type metering data capable of maintaining the re- 
corded data substantially intact even though a sys- 
tem abnormality causes a corruption in the pulse- 
type metering data; 

a remote metering and data recording system for 
the verification and protection of pulse type meter- 
ing data provided by meters in the system and 
which obviates the use of dial encoders on such 
meters; 

a remote metering and data recording system ca- 
pable of testing for the operation of at least two 
independently operable meters in the system, each 
of which is generating pulse type metering data 
representative of an independent measure of the 
same energy usage by a load connected to the 
meters; 

a remote metering and data recording system hav- 
ing a multi-channel recording apparatus capable of 
recording pulse-type metering data representative 
of energy measures provided by at least two in- 
dependently operable electronic meters providing 
redundant pulse trains representative of at least 
two different independent measures of energy us- 
age by a load and comparing the redundant pulse 
trains to verify the accuracy of metering data while 
testing for a system abnormality affecting the gen- 
eration of pulses from the meters; 
a technique for the verification of pulse-type meter- 
ing data wherein pulse trains from two independent 
pulse sources are recorded in independent chan- 
nels or a single recorder. In the event that the two 
recorded pulse trains fail to agree within predeter- 
mined limits, an alarm is initiated; 
a system for the protection and verification of 
pulse-type metering data having enhanced capabil- 
ities. 

One aspect of the present invention provides 
an electric energy metering system comprised of 



at least one data channel pair. Two data channels 
comprise one pair. Two independently operable 
pulse sources (one for each channel of a pair) are 
provided for generating pulses proportional to the 

s consumption of electric energy by a common load. 
The pulses from the two sources are separately 
accumulated as redundant pulse counts, each hav- 
ing a value proportional to energy usage. The ac- 
cumulated values in a channel pair are compared 

w and, if the difference between those values ex- 
ceeds a predetermined threshold value, an error 
message or signal is generated to indicate that a 
system abnormality or malfunction has corrupted 
the generation of the output pulses from at least 

75 one of the redundant pulse sources. The error 
signal or message serves to provide a visual in- 
dication of a malfunction and triggers the genera- 
tion of an alerting telephone call to a data center. 
Upon the detection of a malfunction, the date, time 

20 and error status of the channel pair wherein the 
error occurred are recorded in a status log. Com- 
binations of separate power sources are imple- 
mented to make each data channel substantially 
independently operable of the other data channel. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention 

30 will become apparent from the following illustrative 
description read in conjunction with accompanying 
drawings, in which: 

Fig. 1 is a perspective view of that portion of 
a watthour meter showing independently operable 

35 pulse sources for sensing meter disc rotation and 
generating redundant sensor pulses according to 
one embodiment of the invention. 

Fig. 2 is a simplified block diagram of an 
electric energy remote metering system illustrating 

40 independently powered redundant pulse sources 
and a recorder according to a further embodiment 
of the invention. 

Rg. 3 is a simplified block diagarm of an 
electric energy remote metering system illustrating 

45 independently powered and independently oper- 
able data channels when an electronic register is 
used to provide pulses to a recorder for recording 
redundant pulses according to another embodiment 
of the invention. 

so Rg. 4 is a simplified block diagram of an 

electric energy remote metering system illustrating 
independently operable data channels powered 
from separate phases of a polyphase power sys- 
tem. 

55 Rg. 5 is a schematic block diagram of an 

electric energy remote metering system illustrating 
redundant data channels in a recorder for detecting 
a system malfunction and providing an indication 
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thereof according to one embodiment of the inven- 
tion. 

Fig. 6* is a schematic block diagram of an 
electric energy remote metering system illustrating 
redundant data channels in a recorder for detecting 
a system malfunction according to a further em- 
bodiment of the invention. 

Figs. 7 and 8 are flow charts associated with 
Figs. 5 and 6 respectively, and are useful in under- 
standing the method of operation of the invention. 

Fig. 9 is a schematic block diagram of an 
electric energy remote metering system illustrating 
electronic watthour meters as redundant pulses 
sources for providing pulses to a plurality of pairs 
of redundant data recording channels of a recorder 
according to the invention. 

Fig. 10 is a simplified block diagarm of an 
electric energy metering system, in accordance 
with the invention, illustrating electronic watthour 
meters for providing redundant pulses representa- 
tive of different energy measures to a multi-channel 
recorder. 

Figs. 11-13 are simplified flow charts of a 
method of operating the programmed processor of 
the electronic data recorder of Figs. 2-4 and 10 to 
control accumulation and storage of meter data, 
error testing of that data and error message gen- 
eration. 

Fig. 14 is useful in understanding the flow 
charts of Figs. 11-13 and is a schematic repre- 
sentation of data mapped into the memory of the 
programmed processor of the electronic data re- 
corder. 



DETAILED DESCRIPTION OF ILLUSTRATIVE EM- 
BODIMENTS OF THE INVENTION 

Referring to Fig. 1, there is shown generally a 
10 that portion of a conventional induction type 
kilowatt-hour meter comprises of a rotating ele- 
ment, shown as an Eddy-current Disk 12, which is 
supported by an integral Shaft 14 rotatably moun- 
ted in bearings (not shown) at opposite ends of the 
shaft. The Disc is rotated, at a rate proportional to 
power consumed by a load (not shown) connected 
to Power Line Conductors 16 and 18. This rotation 
is effected in well known fashion by eddy currents 
proportional to tine current and line voltage which 
are induced into the Disc 12 from conventional 
Current and Voltage coils 20 and 22 respectively. 
Current and voltage are provided to Coils 20 and 
22 from an electric utility power source (not shown) 
via Power Lines 1 6 and 1 8. 

An important aspect of the embodiment is 
shown in Fig. 1 generally at 24 as a dual or 
redundant Pulse Source for generating redundant 
Output Sensor Pulses at a rate proportional to 



power consumed by the load on Lines 16 and 18 
and as determined by the rate of rotation of Disc 
12. 

The dual Pulse Source Generator 24 is com- 

s prised of a Shutter Disc 26 having a plurality of 
Apertures or Holes 28 formed therein. The Shutter 
Disc 26 is rotatably secured to Shaft 14 and rotates 
at the same rate as Disc 12. Two generally ll- 
shaped independently operable Disc Sensing De- 

w vices 30 and 32 are provided as part of the Pulse 
Generator 24 to provide the redundant Output Sen- 
sor Pulses on Conductors 34 and 36. Sensing 
Devices 30 and 32 are of known type, preferably 
each having a light emitting diode (not shown) in 

75 one leg of the U for impinging light on one side of 
the Shutter Disc 26 and a photo-cell detector (not 
shown) on the other leg of the U on the opposite 
side of the Disc for sensing light transmitted 
through the Apertures 28 as the Disc 26 rotates to 

20 thus generate the Sensor Pulses. Operating vol- 
tages for the light emitting diodes and photo-celt 
detectors in Sensing Devices 30 and 32 are pro- 
vided on Conductors 38 and 40 from a conven- 
tional power supply shown as a Power Source 42. 

25 The Power Source 42 can be either a common 
power supply feeding a common voltage to the 
Sensing Devices 30 and 32, or two separate power 
supplies providing independently derived voltages 
to those devices. The use of separate power sour- 

30 ces has the distinct advantage of ensuring that one 
of the Sensing Devices 30 and 32 will continue to 
operate even if one power supply fails. 

From the foregoing, it can be seen that each of 
the Sensing Devices 30 and 32 is an independently 

35 operable device. System reliability is enhanced by 
the redundant generation of the Sensor Pulses 
from Devices 30 and 32. because failure of one 
Sensing Device, or of its associated Power Source 
or Supply, does not cause loss of Sensor Pulses 

40 from the other Device. Further, as will hereinafter 
be described, the redundant generation of the Sen- 
sor Pulses also makes it possible to quickly detect 
the presence of a system abnormality or malfunc- 
tion while still retaining valid metering data. 

45 The Sensor Pulses from Sensing Devices 30 
and 32 are provided on separate data or recording 
channels to a Multi-channel Electronic Recorder as 
shown in Figs. 2. The Recorder, shown generally 
as 44, is preferably comprised of a conventional 

so microprocessor (or micro computer) having its own 
memory (not shown) for storing a computer pro- 
gram and for processing of meter data received on 
a Channel Pair comprised of Channels A and B 
from Sensing Devices 30 and 32. 

55 One of the major features of the embodiment is 
to design as much reliability into the system as is 
economically justified. This reliability is accom- 
plished by the present embodiment by providing 
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various combinations of power sources and power 
supplies for each recording channel in the system 
so as to make each channel as independently 
operable as possible. Figs. 2, 3 and 4 show alter- 
native power source and power supply combina- 
tions to achieve this independent operation. The 
power supply combination is generally dependent 
upon the types of meters, registers and pulse in- 
itiators, used to provide pulses to the Recorder 44. 

As shown in Fig. 2, each of the Pulse Sources 
or Sensing Devices 30 and 32 contains its own 
integral power supply< (shown as 46 and 48) for 
powering the aforementioned photo detectors and 
light emitting diodes contained within Sensing De- 
vices 30 and 32. Operating voltages for Power 
Supplies 46 and 48 are provided from the Power 
Source 42 on Conductors 38 and 40 respectively. 
The Power Source 42 may be either a single or 
dual dc source [such as a battery (s) or dc power 
supply(s)]. If ac power is to be provided to Power 
Supplies 46 and 48 from a single phase power 
source, Power Source 42 may be the Power Lines 
16 and 18 as shown in Fig. 1. If totally separate ac 
power sources are used, Power Source 42 may 
provide separate operating output voltages derived 
from any two of the 0A - 0C polyphase power lines 
of Fig. 4. 

Still referring to Fig. 2, additional redundancy is 
built into the system by providing the Recorder 44 
with its own integral Power Supply 50 for supplying 
the necessary operating voltages to the recorder 
circuitry. Operating voltage for Power Supply 50 is 
provided, via Conductor 52. from either a common 
or separate (dual) power source as previously de- 
scribed for Power Supplies 46 and 48. 

Fig. 3 shows another embodiment of a power 
supply combination which is ideally suitable for use 
in the system when an Electronic Register 54 is 
incorporated in a conventional induction type Meter 
such as 10 in Fig. 1. In this embodiment the 
Electronic Register 54 contains its own integral 
Power Supply 56 for supplying the necessary vol- 
tages to the register circuitry. The Power Source 
42 may provide operating voltages to the Power 
Supply 56 in Register 54 and to Power supply 50 
in the Recorder 44 as previously described. 

In the embodiment of Fig. 3, economy and 
reliability are achieved by providing the necessary 
operating voltages to Sensor Devices 30 and 32 
from the already resident Power Supplies 56 and 
50 in the Register 54 and Recorder 44. Power to 
Sensor 30 is provided on Conductor 58 from the 
Register Power Supply 56 and power for Sensor 32 
is provided on conductor 60 from the Recorder 
Power Supply 50. This arrangement in Rg. 3 ob- 
viates the need for a power supply in each ol the 
Sensors 30 and 32 as shown in Rg. 2. 

Still referring to Rg. 3, the Sensor Pulses on 



Conductor 34 from Sensor 30 are fed to the Elec- 
tronic Register 54. Register 54 is normally mounted 
in the Meter 10. Electronic registers of the type 
contemplated by the invention are well known. 

5 Such registers are generally referred to by the 
functions they perform, such as kilowatt hour, or 
time of use registers or demand registers. Typical 
registers are disclosed in U.S. patents 4,571,692 
and 4,465,970. 

w The output of the Electronic Register 54 is 
shown on a Conductor 62 as providing KYZ relay 
pulse contact signals proportional to power con- 
sumption to one of the channels in the Recorder 
44, such as Channel A in Rg. 2. The KYZ pulses 

is are provided from a conventional pulse initiator 
normally used in Kilowatthour meters when pulses 
are to be provided to an externally connected re- 
cording device, such as Recorder 44. Pulse in- 
itiators of the type suitable for use with the Regis- 

20 ter 54 are sold by General Electric Company as 
Types D-52 and D-72 or equivalents thereof. The 
pulse initiator may be free-standing or an integral 
part of the register 54. The Electronic Register 54 
provides pulses directly to the pulse initiator, which 

25 converts those pulses to the relay contact KYZ 
pulses. 

Sensor Pulses from Sensor 42 to Rg. 1 are 
provided directly to another channel of the Re- 
corder 44 of Rg. 3 on Conductor 36. If desireabie, 

30 however, a second pulse initiator (not shown but 
normally mounted in Meter 10) may be provided to 
convert the pulses from Sensor 32 to KYZ pulses 
for input to the Recorder on Conductor 36. 

Rg. 4 shows a system power supply and pow- 

35 er source combination in a preferred form when the 
metering and recording system is connected to a 
polyphase power system. This combination further 
enhances the reliability of the system by providing 
power to each of the Register and Recorder Power 

40 Supplies 56 and 50 from separate and distinct 
phases of the polyphase power system. 

As shown in Rg. 4, 0A and N (neutral) provide 
ac power on Conductors 63 and 64 to the Elec- 
tronic Register Power Supply 56. The Sectronic 

45 Recorder Power Supply 50 receives its ac power 
(alternatively) from either 0B or <&C and N via 
Conductors 66 (or 66 ) and 68 respectively. 

In Rg. 4, power (operating voltage) for Sensors 
30 and 32 is provided via Conductors 58 and 60 

so from the Register and Recorder Power Supplies 56 
and 50 in the manner described for Rg. 3. Also, in 
a manner similar to that previously described for 
Rg. 3, the Sensor Pulses on Conductor 34 are 
applied to Register 54, the Sensor Pulses on Con- 

55 ductor 36 are applied to Channel B of the Recorder 
44 and the KYZ pulses on Conductor 62 are ap- 
plied to Channel A of the Recorder. 

Having described the various power source 
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and power supply combinations contemplated by 
embodiments of the invention, reference is first 
made to Fig. 5 for a description of one embodi- 
ment of the invention. 

Fig. 5 shows a functional schematic block dia- 
gram of an embodiment of the Electronic Recorder 
44 comprised of a Pair of Recording Channels 70 
and 72 (designated Channels A and B), a Com- 
parator 74 f a Trouble Latch 76. a Trouble Indicator 
78 and a Conventional Telephone Modem 80. 

Each of the Recorder Channels 70 and 72 
includes an Accumulator Register and a Counter 
shown as ACC. A and Counter A in Channel 70 and 
ACC. B and Counter B in Channel 72. Pulse Sour- 
ces 30' and 32 (such as Sensor Devices 30 and 
32) provide serialized redundant pulses to ACC. A 
and ACC. B and Counters A and B of Channels 70 
and 72 on Conductors 34 and 36 respectively. 

The outputs of ACC. A and ACC. B are each 
connected to the Comparator 74 via a plurality of 
parallel Conductors 82 and 84 respectively. The 
Comparator 74 is of conventional well known de- 
sign for algebraically subtracting the contents of 
ACC. A and ACC. B. The difference resulting from 
the subtraction is then compared to a predeter- 
mined threshold value or count, designated X, and 
if that difference is greater than X, an error or 
trouble signal (DIFF > X) is generated on a Con- 
ductor 86. The error signal on Conductor 86 sets a 
Trouble Latch 76, such as a flip flop or other type 
latching circuit. The latch output on Conductor 88 
turns on a Trouble Indicator 78, such as a light 
emitting diode, when the Latch 76 is set Simulta- 
neously, the latch output turns on a Telephone 
Modem 80 to initiate 1 telephone call on the tele- 
phone Land Line 90 to notify a data, center or 
central computer (not shown) of the presence of a 
system malfunction or abnormality affecting the 
accumulation of data by the Recorder. The Trouble 
Latch 76 is reset, via a Conductor 92, from the 
Modem as soon as the call is placed, or alter- 
natively the reset can take place by a command 
from the data center when the data center acknowl- 
edges receipt of the error condition. The Trouble 
Latch 76 can also be reset by the manual activation 
of a switch (not shown) by a repairman visiting the 
site of the recorder. The signal on Conductor 92 is 
also used as the Reset/Preset signal to reset ACC. 
A and ACC. B and preset a count into Counters A 
and B via Conductors 110 and 112 at the end of 
each read cycle. A read cycle begins when ACC. A 
and ACC. B and Counters A and B are reset/preset 
and terminates when a Count - Limit signal is 
generated by either one of the Counters A or B. 
The operation of Counters A and B will subse- 
quently be described. 

Still referring to Fig. 5, the comparison of ACC. 
A and ACC. B is effected by trie Count = Limit 



signal from either one of the Counters A or B on 
Conductors 94 or 96 respectively. 

The data accumulated by ACC. A and ACC. B 
may also be stored in separate storage registers 

5 (not shown). This data is provided to a Storage A 
on Conductor 98 and Storage B on Conductor 100. 

A Timer 152 provides Read Pulses on a Con- 
ductor 154 to the elements ACC. A and B and 
Counters A and B to clock the Sensor Pulses into 

w those elements. A Compare signal on a Conductor 
156 from the Timer 152 follows each Read Pulse to 
time the comparison of ACC. A and B. At the time 
of the comparison, and if either Counter A or B has 
reached its count limit and if there is no error, a 

is signal DIFF S X is generated on a Conductor 158 
from the Comparator 74. The DIFF £ X signal is 
used to reset ACC. A and B and preset Counters A 
and B on Conductors 110 and 112. The read cycle 
is then repeated until the next generation of a 

20 Count = Limit signal to trigger the next compari- 
son of ACC. A and B. If the comparison as just 
described yields an error, the DIFF > X signal on 
Conductor 86 sets the Latch 76 which turns on the 
Indicator 78 and initiates a phone call on Line 90 

25 from the Modem 80. In this instance, ACC. A and B 
and Counters A and B are reset/preset via Lines 
92, 110 and 112 as previously described. 

As an aid. to a more thorough understanding of 
the operation of the embodiment of Fig. 5, refer- 

30 ence is now made to the functional flow chart of 
Fig 7 which discloses the sequence of steps and 
the method of operation of that embodiment When 
the system is first turned on (i.e. power applied), 
ACC. A and ACC. B and the Latch 76 are reset and 

35 the Timer 152 is initialized to start a read cycle. 
Depending upon the choice of the designer, Coun- 
ters A and B can be of a design to be either reset 
or preset to some predetermined count These 
counters will then be either counted up or down by 

40 the Sensor Pulses to achieve some predetermined 
count limit to generate the Count = Limit signal. 
For example, the counters can be preset to that the 
Count = Limit signal from either Counter A or B 
will occur on overflow or underflow of either Coun- 

45 ter A or B. 

After initialization the Recorder 44 goes into an 
idle state as shown by a Time To Read Pulses 
decision Block 162 in Fig. 7. The length of time the 
Recorder remains in this idle state is determined 

so by the spacing (times of occurrence) between the 
Read Pulses on Conductor 154 from the Timer 
152. In order to prevent missing any Sensor Pulses 
from the Sensors 30 and 32, the time between 
Read Pulses preferably should not exceed the 

55 minimum spacing or time expected between the 
occurrence of the Sensor Pulses. It has been deter- 
mined that a watthour meter under maximum load 
and which generates twelve sensor pulses per rev- 
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olution of the Sensor Disc 34, an optimum read 
sampling rate of every six milliseconds ensures 
against the loss of any Sensor Pulses from the 
Sensors 30 and 32. 

When a Read Pulse from Timer 152 occurs, 
the Sensor Pulses are read as shown by entry into 
a Read Pulses Channel A and B Block 163. The 
Sensor Pulses present on Conductors 34 and 36 
(Fig. 5) are then stored in ACC. A and ACC. B. 
These Pulses also trigger then Channel Counters A 
and B as shown in Block 102. At the time a Read 
Pulse occurs, and if no Sensor Pulse is present at 
the input of a particular channel, that channel's 
accumulator and counter will not be affected (i.e., 
no change in state of the accumulator or counter 
will occur). 

Immediately following each Read Pulse on 
Conductor 154, the Timer 152 applies a. Compare 
signal on Conductor 156 to the Comparator 74. 
This signal has no affect on the Comparator unless 
the Count = Umtt signal is present on either of 
Conductors 94 or 96. The primary signal to trigger 
the Comparator 74 to compare ACC. A and ACC. B 
is the Count = Limit signal from either of Counters 
A or B. 

As shown in Fig. 7, the Recorder 44 next tests 
in an Either Counter = Umit Block 104 to check if 
either Counter A or B has achieved its count limit 
(e.g. over or underflow). If neither Counter has 
achieved its count limit, no action is taken by the 
Comparator and the Recorder returns to the idle 
state (via the NO branch of Block 104) until another 
Read Pulse occurs. 

The above described reading, accumulating 
and counting of the Sensor Pulses in Channels A 
and B will continue until one of the Counters A and 
B achieves its count limit. 

Let it now be assumed that Counter A has 
achieved its count limit As shown in Block 104. the 
flow chart exits a YES branch into an action Block 
164 wherein the contents of ACC. A and ACC. B 
are stored in Storage a and Storage B respectively. 
* While not shown in Fig. 5, this storage could be 
effected by using the Count = Limit signal on 
Conductor 94 to gate ACC. A and B into Storages 
A. and B. 

As shown in a decision Block 106 of Fig. 7, a 
test is performed to see if the difference between 
the values of ACC. A and ACC. B is greater than 
the threshold value X. If that difference is not 
greater than X, there is no pulse accumulation 
error, thus. Block 106 is exited through its NO 
branch into an action Block 108. In Block' 108, 
Counters A and B are preset and ACC. A and B 
are reset in preparation for another read cycle. In 
Fig. 5. the Reset/Preset signal on Conductors 110 
and 112 performs these latter actions and is effec- 
ted by the DIFF £ X = Reset/Preset signal on 



Conductor 158. As previously described, this latter 
signal is generated at the time of the Compare 
signal on Conductor 156. 

The preceding description assumed that Coun- 

5 ter A had achieved its count limit. The operation 
will be the same as just described if Counter B had 
achieved its count limit prior to Counter A. 

Reference is now made to Fig. 5 and back to 
the action Block 106 of Fig. 7. Let it now be 

w assumed that one of the Counters A or B achieves 
its count limit and generates a corresponding 
Count = Limit output signal to the Comparator 74 
on one of the Conductors 94 or 96. Also, let it be 
assumed that the difference between the values of 

75 ACC. A and ACC. B is greater than the threshold 
value X. thus indicating that a malfunction has 
occurred disrupting the accumulation of Sensor 
Pulses in one of the ACC. A or ACC. B. As a result, 
upon generation of the next Compare signal on 

20 Conductor 156. the Comparator 74 generates the 
DIFF > X signal on Conductor 86 to the Trouble 
Latch 76. 

The next operation which takes place is shown 
in Fig. 7 by the flow chart exiting the YES branch 

25 of Block 106 into an action Block 110. In action 
Block 110, the DIFF > X signal sets the Trouble 
Latch 76. which in turn, via Conductor 88, turns on 
the Trouble Indicator 78 and the Modem 80 (Block 
112 of Fig. 7). In Block 112 the Modem also 

30 initiates a telephone call by dialing the data center 
via the Land Line 90. After the phone call is placed, 
the Trouble Latch 76 is reset from the Modem via 
Conductor 92 as previously described. This reset 
action is shown in an action Block 114 of Fig. 7. 

35 Counters A and B and ACC. A and ACC. B are 
again reset and preset, respectively, in Block 108 
at substantially the same time that the Latch 76 is 
reset This reset/preset is via the signal on Conduc- 
tor 92 of Fig. 5. As previously described, ACC. A 

40 and ACC. B and Counters A and B may be 
reset/preset from the Modem 80. via Conductor 92 
at the time the Modem places the call, or at a later 
time when the data center sends a command to the 
Modem acknowledging receipt of the telephone 

46 call. In order to prevent the loss of any Sensor 
Pulses from being accurately recorded in Channels 
A and B. the Reset/Preset signal on Conductors 92, 
110 and 112, preferably, should be applied to ACC. 
A and ACC. B and Counters A and B prior to the 

so occurrence of the next succeeding Read Pulse on 
Conductor 154. 

Reference is now made to Figs. 6 and 8 which 
disclose a further embodiment of the invention. The 
structure and operation of Figs. 6 and 8 is substan- 

55 tially the same as that described for Figs. 5 and 7, 
but of simpler construction. It will be noted that 
Counters A and B have been eliminated in Fig. 6. 
in the embodiment of Fig. 6, a Timer and Initiate 
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Comparison Circuit 116 is employed to provide a 
Compare signal on Conductor 118 to the Compara- 
tor 74. The length of time between Compare sig- 
nals (i.e., comparison of the contents of ACC. A 
and ACC. B) is a matter of design choice. The 
Compare signal may be generated recurrently, ei- 
ther periodically or at random intervals. One factor 
which determines the time between comparisons is 
the physical size of ACC. A and ACC. B. The time 
between comparisons should at least be frequent 
enough to prevent overflowing ACC. A and ACC. B. 
Another design choice which determines the fre- 
quency of comparison, is now frequently the de- 
signer or user desires to be notified, by indication 
or telephone call, of a system malfunction disrupt- 
ing the accumulation of Sensor Pulses; Obviously, 
the longer the duration between comparisons, the 
greater the chances are of accumulating invalid 
Sensor Pulse data. 

As previously mentioned, the operation of Figs. 
6 and 8 is substantially the same as Figs. 5 and 7. 
For that reason, Rgs. 6 and 8 will not be described 
in detail. However, where differences exist, those 
differences are described immediately below. 

It will be noted in Fig. 6 that the Timer and 
Initiate Comparison Circuit 116 generates Read 
Pulses on Conductor 120 to clock the Sensor 
Pulses into ACC. A and ACC. B in the same 
manner as described for Fig. 5. 

The Initiate Comparison Circuit 116. which re- 
places Counters A and B in Fig. 5, generates the 
Compare signal on Conductor 118 at times, as 
previously described, to initiate the comparison in 
Comparator 74. This comparison initiation is shown 
in Fig. 8 in a Time To Compare decision Block 
122. So long as a Compare Signal is not present 
on Conductor 118, the Read Pulses will continue to 
clock Sensor Pulses into ACC. A and ACC. B. This 
action is shown at the NO exit of Block 122, where 
the Recorder continues to re-enter the Time to 
Read Pulses decision Block 1 24. 

When the Compare Signal on Conductor 118 is 
generated, it is time to compare the contents of 
ACC. A and ACC. B as shown in Block 122 of Fig. 
8. The YES exit is then take from Block 122 into a 
Block 164 wherein the contents of ACC. A and 
ACC. B are stored in Storages A and B. ACC. A 
and ACC. B are reset in Block 108' via the NO 
branch of Block 1 06 when there is no accumulation 
error. All subsequent operations of Rgs. 6 and 8 
are the same as described for Rgs. 5 and 7. 

Referring now to Rg. 10 there is disclosed a 
further embodiment of the invention wherein two 
fully electronic watthour meters, designated EM1 
and EWM2, are connected to the Power Lines 16 
and 1 8 to monitor the power consumed by a com- 
mon load on the power lines. MEters EWM1 and 
EWM2 are each combination KWH and KWH or 



KWH and KVARH meters, each designed to mea- 
sure two different electrical parameters. U.S. patent 
4.556,843 discloses an electronic solid state com- 
bination Q-Hour (KQH) and Kilowatt hour (KWH) 

s meter of the type suitable for use in the embodi- 
ment of Rg. 10 as EWM1 and EWM2. Patent 
4,556,843 is assigned to the assignee of the 
present invention. 

As previously described, mechanical encoders 

w of the type used in meters of the type described in 
the aforementioned 4,639,728 patent are unsuitable 
for use in electronic watthour meters such as 
EWMt and EWM2. This is because there are no 
mechanical registers or dials in an electronic meter 

is from which to construct a mechanical encoder. The 
present embodiment (as shown in Rg. 10) obviates 
the need for such mechanical encoders by provid- 
ing redundant meter pulse data to two Channel 
Pairs comprised of Channels (70. 72) and (126. 

20 128) of the Recorder 44. EWM1 and EWM2 each 
provide pulses proportional to a first measured 
electrical parameter, such as Kilowatt-hour (KWH) 
consumption to Channels A and B (70 and 72) via 
Lines 134 and 136. Pulses proportional to a second 

25 measured electrical parameter, such as either 
KVARH, or KQH, are provided to Channels C and 
D (126 and 128) from EWM1 and EWM2 via Lines 
140 and 138. 

As will subsequently be described, when dual 

30 function electronic watthour meters, such as EWM1 
and EWM2, are used to generate pulses repre- 
sentative of different energy measures, the pulse 
comparison techniques employed by the invention 
not only serve to indicate the presence of a mal- 

35 function, but also to identify which electronic meter 
has failed and that portion of the meter which has 
failed. To this extent, the present invention serves 
as a diagnostic tool to identify which meter (e.g. 
EWM1 or EWM2) has failed and which part of that 

40 meter has failed (i.e. KWH portion or KQH or 
KVARH portion). As will hereinafter be described, 
this identification is made possible by utilizing 
Channels A and B as one Channel Pair to compare 
pulses of one type of power measurement (e.g. 

45 KWH) and Channels C and O as a second Channel 
Pair to compare pulses of a second type of power 
measurement (e.g. KQH or KVARH). A conven- 
tional watthour meter, such as Meter 10, can be 
used to replace either EWM1 or EWM2. This ar- 

50 rangement is useful when it is desireabte to test 
the reliability of one of the meters, such as EWM1. 
Wheri such an arrangement is used, it is generally 
only necessary to provide a single pulse source for 
generating the Sensor Pulses from each meter. For 

55 example, the Sensor Pulses to be accumulated 
from Meter 10 and EWM1 could be representative 
of KWHR consumption. 

Reference is now made to Rg. 9, which dis- 



9 



17 



EP0 360 511 A2 



18 



closes in greater detail the embodiment of Fig. 10. 
As can be seen in Fig. 9, the Recorder 44 is 
comprised of two comparator sections wherein one 
section includes Comparator 74 associated with 
Channels A and B (70 and 72) as one Channel 
Pair, and the other section includes a secpnd Com- 
parator 142 associated with Channels C and D (126 
and 128) as a second Channel Pair. It will be noted 
that these Comparators 74 and 142 are each sub- 
stantially the same the Comparator 74 of Fig. 6. 
The Timer and Initiate Compare Circuit 116' of Rg. 
9 is similar, to the Circuit 116 of Rg. 6, except that 
the Timer and Initiate Compare Circuit 116 pro- 
vides the Compare signal on line 118 and 118' to 
Comparators 74 and 142. 

Still referring to Rg. 9, it will be noted that 
EWM1 and EWM2 provide redundant KWH pulses, 
via conductors 134 and 136 to ACC. A and ACC. B 
of Channels A and B respectively. The data outputs 
of ACC. A and ACC. B are also provided to Com- 
parator 74, via Conductors 82 and 84 and storage 
outputs to Storages A and B are provided via 
Conductors 98 and 100 as previously described for 
Rg. 6. 

Jn a fashion similar to that just described for 
Channels A and B, redundant KQH or KVARH 
pulses from EWM1 and EWM2 are provided, via 
Conductors 138 and 140 to ACC. C and ACC. D of 
Channels C and D respectively. The data outputs 
of ACC. C and ACC. D are provided to Comparator 
142, via Conductors 144 and 146, whereas the 
storage outputs are provided, via Conductors 148 
and 150, to Storages C and D associated with 
ACC. C and ACC. D respectively. 

A detailed operational description of the em- 
bodiment of Rg. 9 is not believed necessary in 
view of the previous description given in connec- 
tion with Rgs. 6 and 8. Each section of the Re- 
corder of Rg. 9 0 ©- Channels A and B and Com- 
parator 74 and Channels C and D and Comparator 
142) operates substantially the same as previously 
described for Rgs. 6 and 8. However, to clarify the 
operation of Rg. 9 it is necessary to realize that the 
Compare signal on Conductors 118 and 118 is 
simultaneously applied to Comparators 74 and 142. 
If there is no error detected by either Comparator 
74 or 142 at the time of the comparison, ACC. A - 
ACC. D are reset from the DIFF S X signals one of 
the Lines 158 and 158' via Conductors 110' and 
110*. Further, just as described in Rg. 8, when it is 
time for the comparison, ACC. A - ACC. D are 
simultaneously stored in Storages A-D. If either 
Comparator 74 or 142 detects an error at the time 
of the comparison, the Trouble Latch 76 is set, the 
Trouble Indicator 78 is turned on, and the Modem 
80 initiates a telephone call. ACC. A - ACC. D are 
then reset in preparation for the next read cycle as 
previously described. 



While not shown in Rg. 9. the embodiment 
contemplates a trouble latch and indicator (such as 
76 and 78) for each channel of a channel pair. For 
example, there is a trouble latch connected to each 

s of Conductors 86 and 86'. Thus, with two trouble 
latches and associated indicators, it is possible to 
identify a system failure in a channel pair by ob- 
servation of the trouble indicator associated with 
the channel pair in which the error occurred. Fur- 

w ther, it is possible to detect which portion of a 
meter (EWM1 or EWM2) has failed by retrieving 
the data stored in Storages A-D. For example, 
assume that an error is detected by Comparator 74 
generating its DIFF > X signal on Conductor 86 to 

15 set its associated latch and turn on that latch's 
associated indicator. It will be recalled that the 
contents of ACC. A and ACC. B are stored in 
Storages A and B. It will further be recalled that 
Storage A contains the KWH count from EWM1 

20 and Storage B contains the KWH count from 
EWM2. Upon retrieval and observation of the con- 
tents of Storages A and B, it can be assumed that 
the storage with the smaller KWH count is that 
channel which created the error. For example, as- 

25 sume that ACC. A has accumulated fewer pulses 
that ACC. B, and as a consequence the total count 
in Storage A will be less than Storage B. Therefore, 
it can be assumed that the KWH section of EWM1 
has failed. The same analogy can be used to 

30 diagnose a problem in the KQH or KVARH section 
of EWH1 and EWM2 by observation of Storages C 
and D. 

The invention has heretofore been disclosed in 
various illustrative embodiments and in conjunction 

35 with the flow charts of Rgs. 7 and 8 describing the 
method steps of operation of those embodiments. 
As previously mentioned, an Electronic Recorder 
44 of the present invention may be implemented 
by a stored program computer, such as shown by 

40 Rgs. 2-4 and 10. The invention, in its preferred 
embodiment lends itself to such an implementa- 
tion. This type of implementation not only provides 
a more economical recorder design, but also pro- 
vides flexibility in the design to enable the record- 

45 ing and data processing of many channel pairs of 
redundant metering data from various types and 
combinations of meters and pulse sources. 

The above mentioned stored program embodi- 
ment of the invention is disclosed in the program 

so flow charts of Rgs. 11-13. Rg. 14 is a memory 
map of the memory of the data processor or com- 
puter of the Recorder 44 showing the various accu- 
mulators, registers and other storage elements re- 
ferred to in Rgs. 11-13 and is useful in understand- 

55 ing the operation of the invention. Prior to proceed- 
ing with a description of Rgs. 11-13, it is believed 
advantageous to provide a brief description of the 
memory map of Rg. 14. 

10 



19 



EP0 360 511 A2 



20 



Beginning at the top of Fig. 14 there is shown 
a Difference Trigger Value (DTV) which is a con- 
stant stored in memory. This constant DTV is sub- 
stantially equivalent to the difference threshold val- 
ue previously referred to in describing the Com- 
parators, such as 79, in the previous embodiments. 
DTV is used to test for an error in any Channel 
Pair. 

The next location is a constant and contains a 
count representative of the Number of Pulses To 
Trigger an Error Test. In the embodiment being 
described, a Channel Address Counter shown in 
Fig. 14 is incremented to address the data chan- 
nels to read Sensor Pulses into the respective 
channels. The maximum count achieved by this 
counter is determined by the number of channels 
within the Recorder. Each time a channel is ad- 
dressed, the contents of the Channel Address 
Counter are compared against the Number of 
Pulses To Trigger Error Test. If the Channel Ad- 
dress Counter is addressing the last counter in the 
recorder, the Number of Pulses To Trigger the 
Error Test will match the number in the Address 
Counter. This results in directing the computer to 
perform an error test 

The memory also contains a Difference Coun- 
ter for each channel designated Channel 1 Dif- 
ference Counter through Channel N + 1 Difference 
Counter. It will be noted that adjacent channels, 
such as Channels 1 and 2. comprise a Channel 
Pair. In the present description Channels 1 and 2 
are substantially equivalent to a Channel Pair com- 
prised of Channels A and B as previously de- 
scribed, for example, in connection with Figs. 5, 6 
and 9. 

The Recorder memory also contains a plurality 
of Channel Accumulators, one for each of the 
Channels 1 through N, for accumulating the Sensor 
Pulses received from the Sensor Devices. 

The Recorder memory also contains a Storage 
Register for each of the Channels 1 through N. 
These Registers are utilized to accumulatively 
store the contents of their respectively associated 
accumulators in a manner as previously described 
in connection with the previous embodiments. 

Following the Channel N Storage Register loca- 
tion, there is a memory location for retaining the 
Trouble Flag and a number of other flags used in 
the operation of the invention. The operation and 
use of these various flags will be subsequently 
described in connection with the description of 
Figs. 11 through 13. 

There is also shown in Rg. 14 a Preservation 
Storage area. This storage area is used to store 
and preserve, on a temporary basis, the error sta- 
tus of the various Channel Pairs, such as Channel 
1 and 2 pair. The operation of the Preservation 
Storage area will become more clear in the ensuing 



description. 

The memory also contains a plurality of Sys- 
tem Status Error Logs. Each Status Error Log is in 
a separate memory location and contains the date, 

s time and the new (or current) status and the old (or 
previous) status of each Channel Pair in the Re- 
corder. The Systems Status Error Logs provide a 
historical record of the date, time and status of 
each Channel Pair. The information stored in these 

w logs can be retrieved from the Recorder by a utility 
company. This information can be of value to the 
utilities. For example, if the Recorder reports an 
error, the data center can initiate a retrieval com- 
mand and retrieve the Status Error Log information 

75 from the Recorder. By printing out this Status Error 
Log information, the utility can determine whether 
the status of a given Channel Pair which created 
the error is a new error or if it is a continuation of a 
previous or old error. There may be situations in 

20 the operation of the system where errors are cre- 
ated on a very temporary basis. Such errors are 
sometimes due' to noise on a power line. These 
types of errors generally do not require investiga- 
tion as they are considered self-correcting. How- 

25 ever, if the status log of a given Channel Pair 
continues to show that an error exists in the old 
and new status locations, it is an indication of a 
continuous malfunction that may require immediate 
action to correct the problem causing the malfunc- 

30 tion. A problem is generally diagnosed as tem- 
porary when the old status of a given Channel Pair 
shows an error, but the new status of that same 
Channel Pair shows that no error has occurred 
since the old status was recorded. Such an indica- 

35 tion generally means that the entity which caused 
the error has corrected itself or that the problem 
causing the error was temporary. 

The Recorder also contains its own calendar in 
the form of a Date and Time Register shown at the 

40 bottom of Rg. 14. This calendar is periodically 
updated in a well known fashion in the computer. 
The date and time from this register gets recorded 
• into the date and time locations of the System 
Status Error Logs each time an entry is made into 

45 one of those logs. 

Reference is now made to Rg. 1 1 which shows 
a simplified flow chart of an Input Pulses sub 
routine of the present invention which reads the 
Sensor Pulses of the various redundant Sensor 

so Devices into each of the Recorder Channels. 

The Input Pulses sub routine starts by entering 
into an Initialize Counters and Rags Block 165 
wherein the Channel Difference Counters 1-N + 1 
are preset to a predetermined count. Also, the 

55 Channel Accumulators 1-N and Error Status Chan- 
nel Pair flags in the Preservation/Storage are reset 
and the System Status Error Logs are cleared. 
After initialization the program enters into a de- 
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cision Block 166 wherein a test is performed to see 
if the last channel has been read. As previously 
described, this test is performed by comparing the 
Number of Pulses to Trigger Error test with the 
contents of the Address Channel Counter. Let is 
now be assumed that the last channel has not been 
read. As a result, the program will exit the N 
branch into a decision Block 168 wherein a test is 
performed to see if a Sensor Pulse is present on 
the channel presently being addressed. If no pulse 
is present, exit from Block 168 is through the N 
branch into an action Block 168 wherein the Chan- 
nel Address . Counter is incremented by one and 
the program returns back to the entry point of the 
Last Channel Block 166. If no pulse is present, no 
pulse will be recorded in that particular channel 
being addressed. 

The program will now proceed through blocks 
166 and 168 as just described. Let it now be 
assumed, in the Block 168, that a Sensor Pulse is 
present on the input to the channel being ad- 
dressed. As a result, the program exits through the 
Y branch into an action Block 170. Since a Sensor 
Pulse is present at the input to the channel now 
being addressed, the Difference Counter for that 
channel is decremented by 1 and the Sensor Pulse 
is stored in the Accumulator of the addressed 
channel. Exit is now made from Block 170 into 
Block 169 wherein the Channel Address Counter is 
again incremented. The operation just described 
will be repeated until all channels have been tested 
for the presence of a Sensor Pulse. Let is now be 
assumed in Block 166 of F\g. 11 that the last 
channel has been addressed. The program will now 
exit through the Y branch of Block 166 into an 
action Block 172. In Block 172 the program stores 
the contents of all of the Channel 1 through N 
Accumulators into corresponding ones of the Chan- 
nels 1 through N Storage Registers of the memory 
of Rg. 14. The data from Accumulators 1 through 
N is now preserved in Storage Registers 1 through 
N for further analysis by the utilities to enable them 
to be able to reconstruct any lost data which may 
have not been recorded during the input Pulses 
sub routine of Fig. 11. The program now exits 
Block 172 to a Connector A entering into Fig. 12 
into an action Block 174. 

Rg. 12 is an Error Test sub routine wherein the 
computer of the Recorder tests to see if either one 
of the Difference Counters of each channel pair is 
greater than DTV (See Rg. 14). 

The first action to take place upon entry into 
the Error Test sub routine in Block 174 is to reset 
ail of the Channel Pair Error Rags as previously 
described for Rg. 14 and set a Need To Test Rag. 
The purpose of the use of these flags will become 
apparent in the following description. 

The program now proceeds into a decision 



Block 176 wherein a test is performed to see if the 
Difference Counter of either channel in the current 
Channel Pair (e.g. Channels 1 and 2 pair) is equal 
to 0. If neither Difference Counter is equal to 0. exit 

5 is through the N branch of Block 176 into another 
decision Block 178. 

In decision Block 178 the program tests to see 
if the last Channel Pair (i.e., Channels N and N + 1 
pair) has been tested. Let is be assumed that the 

10 last channel of the last Channel Pair has not been 
tested. As a result, exit from Block 178 is through 
the N branch into an action Block 180 wherein the 
Address Counter is incremented to address the 
next Channel Pair. The program will now re-enter 

75 back into Block 176. The program will continue to 
loop through Blocks 176. 178 and 180 until one of 
the Difference Counters of a Channel Pair (Block 

176) achieves a count of 0 or, as shown in Block 
178, until the last Channel Pair has been tested. 

20 Referring again to Block 176, let it now be 
assumed that one of the Difference Counters of 
one of the channels in a Channel Pair achieves a 
count of 0. As a result, exit from Block 176 is 
through the Y branch into another action Block 177 

25 wherein the Need To Test Flag in the memory of 
Rg. 14 is set. This test flag will be utilized at a later 
time in Block 188 to direct the program to either 
enter into an Error Handler sub routine of Rg. 13 or 
exit the sub routine of Rg. 12. 

30 With the Need To Test Flag now set (Block 

177) , the program enters into a decision Block 182 
wherein a test is performed to see if the Difference 
Counter of either channel of the present Channel 
Pair is greater than DTV. If neither Difference 

35 Counter is greater than DTV, exit is made from 
Block 182 through its N branch into another action 
Block 184. Entry into Block 184 is an indication that 
no error has occurred on either channel of the 
present Channel Pair. As a result, the two Dif- 

40 ference Counters of the present Channel Pair are 
preset to a prescribed count in preparation to read- 
ing data into that Channel Pair on the next read 
cycle. The program will now exit Block 184 and re- 
enter into Block 178 wherein the test is again 

45 performed to see if the last Channel Pair has been 
tested as previously described. 

Reference is now made back to Block 182. Let 
It now be assumed that an error has been detected 
in one of the Difference Counters of the present 

so Channel Pair. As a result, exit from Block 182 is 
through' its Y branch into an action Block 186. In 
Block 186, the Channel Pair Error Rag for the 
present Channel Pair is set For example, referring 
to Rg. 14, if an error has occurred on the Channel 

55 Pair comprised of Channels 1 and 2, the Error Rag 
for Channels 1 and 2 Pair will be set After the 
Channel Pair Error Rag is set in Block 186, the 
program then proceeds into Block 184 wherein the 
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Difference Counters of the present Channel Pair 
are preset in preparation to the next read cycle as 
previously described. 

Let it now be assumed that the program has 
looped through the Error Test sub routine of Rg. 
12 in the manner as just described until the last 
Channel Pair has been tested. 

Reference is now made back to Block 178. It 
will be recalled that in Block 178 a test is per- 
formed to see if the last Channel Pair in the Re- 
corder has been tested. After all channels have 
been tested, and the errors recorded as previously 
described, exit will be through the Y branch of 
Block 178 into another decision Block 188. In Block 
188 a test is performed to see if the Need To Test 
Flag has been previously set. It will be recalled that 
the Need To Test Rag (Block 177) is set via the Y 
branch of Block 176 whenever one of the Dif- 
ference Counters of either channel of a Channel 
Pair achieves the count of 0. This Need To Test 
Rag is utilized, to direct the program to exit via 
either its Y branch (Connector B) or its N branch 
(Connector D). 

If the Need To Test Rag is not set, it is an 
indication that none of the Difference Counters of 
any channel of any Channel Pair has achieved the 
count of 0. If no error is detected, there is no need 
to perform the Error Handler sub routine of Rg. 13. 
The reason for this is because there is no need to 
update the System Status Error Logs if there is no 
error to be recorded. Let it now be assumed in 
Block 188 that the Need To Test Rag is not set. 
Thus, exit is through the N branch to a Connector 
D of Rg. 13 entering into a Block 190. Block 190 is 
a processing block of other processing routines 
(now shown) which may be executed by the com- 
puter of the Recorder until it is time to read the 
channels again. As previously described, an opti- 
mum time to read the various channels of the 
present invention preferably should occur approxi- 
mately every. 6 milliseconds. As a result, the ex- 
ecution of these other processing routines can con- 
tinue for slightly less than a 6 millisecond period, at 
which time the Recorder is directed to re-enter the 
Program at Connector C of Rg. 11. As shown in 
Rg. 1 1 Connector C provides entry in to Block 1 66 
wherein program execution is carried out as pre- 
viously described. 

Reference is now made back to the decision 
Block 188 of Rg. 12. Let it now be assumed that 
th£ Need To Test Rag has been set. With this Test 
Rag set it is an indication that at least one Dif- 
ference Counter of at least one Channel Pair has 
achieved the count of 0 as previously described in 
connection with Block 176. As a result, the program 
will exit through the Y branch of decision Block 188 
entering into a Connector B of the Error Handler 
sub routine of Rg. 13. 



The purpose of the Error Handler sub routine 
of Rg. 13 is to update the System Error Status 
Logs for each Channel Pair, set the Trouble Flag, 
turn on the Trouble Indicator and call the data 

s center when a new error has occurred in any 
Channel Pair. 

Entry into Connector B is at an action block 
192. However, prior to describing the operation of 
Block 192 and subsequent blocks in Rg. 13, it is 

io considered advantageous to first describe those 
portions of the memory map of Rg. 14 which are 
used by the Error Handler sub routine of Rg. 12. It 
will be recalled in Rg. 12 that a Channel Pair Error 
Flag is set in Block 186 any time that there is an 

75 error detected on any channel of a Channel Pair. It 
will also be recalled that there is an error flag for 
each Channel Pair. These Channel Pair Error Rags 
always contain the current or immediate error sta- 
tus of each Channel Pair. The present embodiment 

20 also stores the old or previous error status of each 
Channel Pair in the System Status Error Logs as 
previously described. The System Status Error 
Logs also store the new or current status of each 
Channel Pair. The embodiment continuously up- 

25 dates the status of each Channel Pair. That is, the 
new and old status of each Channel Pair is continu- 
ously updated in the System Status Error Logs 
each time the Error Handler sub routine of Rg. 13 
is entered. In order to accommodate the updating 

50 of the System Status Error Logs the Preservation 
Storage area has been provided. The Preservation 
Storage area is a temporary storage area having an 
Error Status Channels error flag for each Channel 
Pair. These flags always contain the old or previous 

35 error status for each Channel Pair. At system in- 
itializiation the Preservation Storage area is always 
intialized to zero. The method of updating the Pres- 
ervation Storage area will be described in the fol- 
lowing description of Rg. 13. 

40 Reference is now made back to Block 192 Rg. 
13. In that Block it will be noted that the processor 
now retrieves the old Channel Pair Error Rag 
States or status from the Preservation Storage 
area. Obviously, the contents of the Preservation 

45 Storage area will be 0 upon the first entry into Rg. 
13. After retrieving the Old Channel Pair Error 
States from the Preservation Storage, the program 
now enters into another action Block 194 wherein 
the states of those Channel Pair Error Rags, which 

so were previously set in Block 186 of Rg. 12, are 
stored in corresponding Channel Pair error flag 
locations in the Preservation Storage area. The 
Preservation Storage area is used as the previous 
or old channel pair status upon each entry into the 

55 Error Handler sub routine. Exit is now made from 
Block 194 into a decision Block 196. In that Block a 
test is performed by testing the states of the just 
retrieved Old Channel Pair Error States from Pres- 
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ervation Storage with the corresponding Channel 
Pair States of the Channel Pair Error Flags pre- 
viously set in Block 186. If there has been any 
change in the Channel Pair Error States between 
the old and the new states, exit is made through 
the Y branch of Block 196 into an action Block 198. 
In Block 198, the date and time (from the Date and 
Time Register Rg. 14), and the states of the old 
Channel Pair States (ie, previously retrieved Pres- 
ervation Storage Area States) and the states of the 
new Channel Pair Error Flags are stored in their 
respective locations in the System Status Error 
Logs as shown in Rg. 14. Thus, the System Status 
Error Log is updated to reflect the new and old 
status for each Channel Pair. Entry is now made 
into a decision Block 200 wherein a test is per- 
formed to see if any Channel Pair Error Flag was 
previously set (see Block 186, Rg. 12). If no Chan- 
nel Pair Error Rag is set, exit from Block 200 is 
through its N branch into action Block 202. 

In Block 202 the program now resets the Trou- 
ble Rag and turns off the Trouble Indicator, if the 
Trouble Rag had been previously set. The program 
then exits from Block 202 re-entering into Block 
190 wherein the processor continues to perform 
additional processing until time to read the input 
channels as previously described by re-entering 
from Block 190 into Connector C of Rg. 11. 

Referring back to Block 200, let it now be 
assumed that at least one Channel Pair Error Rag 
was set during the last read cycle (see Block 186, 
Rg. 12). As a result, exit from Block 200 is through 
its Y branch into a decision Block 204 wherein the 
state of the Trouble Rag is tested to see if it is set 
The reason for testing the Trouble Flag at this time 
is to minimize the number of telephone calls that 
the Recorder initiates to the data center. This is 
accomplished by setting the Trouble Rag and ini- 
tiating only one telephone call to the data center 
when an error is detected in one of the Channel 
Pairs, if the Trouble Rag has already been set on a 
previous pass through Rg. 13, a telephone call 
would have been initiated during that pass. Thus, 
on the next pass through Rg. 13, if the Trouble 
Rag is set. it is not desirable to initiate another 
telephone call. If the Trouble Rag is set, exit will be 
made through the Y branch of Block 204 and re- 
entry will be made back into Block 190. 

Still referring to Block 204, let it now be as- 
sumed that the Trouble Flag is not set. As a result 
exit is made through its N branch into a Block 206. 
Entry into this Block is an indication that there was 
an error on the last read cycle and that there was 
no error detected on the read cycle preceding the 
last read cycle. Thus, in Block 206. the Trouble 
Rag is set The Trouble Rag also turns on the 
Trouble Indicator and initiates a telephone call to 
the data center via the Modem in the manner 



previously described. The program then exits Block 
206 and re-enters into Block 190. wherein the com- 
puter will continue to do other processing until time 
to read the data channels as previously described. 

5 In view of the foregoing description it can now 

be seen how the memory of Rg. 14 of the present 
embodiment always contains sufficient information 
to enable a utility to retrieve information from the 
memory 14 and verify the validity of the data 

io stored in that memory. It will be recalled that the 
contents of the Channel 1 through N Accumulators 
are continuously stored in Channel 1 through N 
Storage Registers. Thus, these Storage Registers 
always contain the accumulated information re- 

75 trieved from their variously associated accumula- 
tors. This information can be retrieved by a utility's 
data center for diagnosis and by comparing the 
contents of the Storage Registers of each Channel 
Pair a determination can be made as to which of 

20 those Storage Registers contains valid data. For 
example, if the Storage Registers associated with 
Channel 1 and 2 Channel Pair are compared in the 
data center, and if the pulse count stored in the 
Storage Register of Channel 1 is less than the 

25 pulse count stored in the Storage Register of Chan- 
nel 2. the utility can assume that an error occured 
on one of the channels. By inspection of data from 
both channels it will frequently be evident which 
channel is aberrant, permitting the utility to bill on 

30 the other channel data without having to estimate 
the bill to the customer. 

In addition, the embodiment also contains in 
the mempry of Rg. 14 a complete System Status 
Error Log for each Channel Pair. There is a Status 

35 Error Log location in the memory for recording the 
date, time and the new and the old status of each 
Channel Pair each time an error is detected by the 
program. Thus, by retrieving this information, a 
utility can obtain a printout at the data center 

40 showing the date and time of each error which 
occurred in the system and also the old and new 
error status of each Channel Pair where the error 
occurred. This information can be used by a utility 
to determine whether to immediately visit the site 

45 of the Recorder and the meters to correct a poten- 
tial problem or defer such a visit. For example, by 
comparing the status of the new and the old Chan- 
nel Pairs a determination can be made as to 
whether a problem exists in the system which is 

so creating a continuous recording error in the system 
or if the problem is merely intermittent and possi- 
bly self-correcting. 

In summary, there has been described an elec- 
tricity energy metering and recording system com- 

55 prised of a plurality of independently operable 
sensing devices, pulse initiators and electronic reg- 
isters for providing combinations of redundant 
pulses representative of substantially duplicate in- 

14 
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dependent measures of metered energy usage to a 
multi-channel recorder. The recorder includes 
means for recording and testing the redundant 
pulses as pulse counts in channel pairs to assist 
the user of the system in diagnosing and isolating 
a system malfunction disrupting the recording of 
pulses being provided to the channels of each 
channel pair. 

Redundant meter data is preserved for each 
channel pair to provide backup data for verification 
purposes to assist a utility in preparing customer 
bills based on actual energy usage, instead of 
estimated usage drawn from customer historical 
usage records. 

System reliability is enhanced by providing 
combinations of independent power sources and 
power supplies for separately powering the re- 
corder and pulse sources (e.g. sensing devices), 
pulse initiators and electronic registers. Such 
powering makes the recorder and the sources gen- 
erating the redundant pulses each at least partly 
independently operable to prevent the total loss of 
the meter data which gets recorded in redundant 
channels of each Channel Pair. There has also 
been described a solid state computerized data 
recording device to be installed at a meter site to 
monitor energy consumption measured by an elec- 
tricity meter such as an electronic watthour meter, 
or induction type watthour meter with an electronic 
register, or pulse initiator or similar instrument 
Redundant Sensor Pulses developed by combina- 
tions of standard watthour meters, pulse initiators, 
sensing devices, electronic registers and electronic 
watthour meters are accumulated and stored as 
pulse counts in redundant channels (as channel 
pairs) in a multi-channel recorder to be transmitted 
to a central computer or data center for meter 
reliability testing and analysis and for survey and 
billing purposes. The pulse counts accumulated by 
each channel pair are recurrently compared (i.e. 
either periodically or at random intervals). If the 
comparison yields a value which falls within a pre- 
determined threshold value, the pulse counts are 
deemed verified. If the comparison yields a value 
greater than the predetermined threshold value, 
one of the pulse counts is deemed to be in error, 
and thus invalid. If the comparison yields an error, 
the recording device creates a status error log for 
that channel pair, turns on a trouble indicator and 
initiates a phone call to the data center as an 
indication that a system malfunction has created an 
error in the meter data recorded in that channel 
pair where the error occurred. 

An embodiment of the invention also eliminates 
the need for mechanical dial encoders. As a result, 
the processing of recorder data and the prompt 
detection of pulse accumulation errors is expedited 
by eliminating the time consuming task of having to 



continuously read the meter dial encoders. In an 
embodiment of the present invention, monitoring of 
meter pulse data is continuous and the time lapse 
between intervals for the testing of pulse accumula- 

s tion errors is limited only be design choice as to 
how frequent such testing is to be performed. 

It will be apparent that the embodiments shown 
and disclosed herein are only exemplary, and that 
various modifications can be made that are within 

10 the scope of the invention. 

Claims 

/5 1. In a system of the type including an elec- 
tricity meter for metering electric energy usage by 
a load, apparatus for recording verifiable energy 
usage data, comprising: 

(a) first pulse means in communication with 
20 said electricity meter for generating first pulse sig- 
nals; 

(b) second pulse means in communication 
with said electricity meter for generating second 
pulse signals, said first and second pulse signals 

25 being representative of substantially duplicate in- 
dependent measures of the energy usage by said 
load; 

(c) first and second accumulating means for 
accumulating said first and second pulse signals as 

30 first and second pulse counts respectively, each 
having a value substantially proportional to energy 
usage by said load; and 

(d) means, in communication with said first 
and second accumulating means, for verifying said 

35 first and second pulse counts. 

2. The system in accordance with Claim 1, 
wherein said means in communication includes 
means for comparing the values of said first and 
second pulse counts and providing an indication of 

40 a system abnormality when the difference between 
the values of said first and second pulse counts 
exceeds a predetermined threshold value. 

3. The system in accordance with Claim 1, 
wherein said electricity meter includes a rotatably 

45 mounted apertured disc which rotates at a rate 
proportional to electric energy usage by said load 
and said first and second pulse means are each 
photo electric light sensing devices for sensing 
light through apertures in the rotating disc to gen- 

50 erate said first and second pulse signals. 

4. The system in accordance with Claim 3 
wherein each of said photo electric sensing devices 
is energized from a separate electrical power 
source. 

55 5. The system in accordance with Claim 1 
further including means in communication with said 
means for comparing for initiating a telephone call 
to a data center as an indication of a system 
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abnormality disrupting the accumulation of either 
one of said first and second pulse signals. 

6. A system for recording verifiable energy 
usage data from a remote electricity meter of the 
type having a disc which rotates at a rate propor- 
tional to the amount of electric energy being con- 
sumed by a load connected to the meter, compris- 
ing: 

(a) first pulse means in said meter for se- 
quentially generating first pulse signals in response 
to rotation of said disc; 

(b) second pulse means in said meter, in- 
dependently operable from said first pulse means, 
for sequentially generating second pulse signals in 
response to rotation of said disc, said first and 
second pulse signals being representative of sub- 
stantially duplicate independent measures of the 
electric energy consumed by said load;' 

(c) first accumulating means for accumulat- 
ing said first pulse signals as a first pulse count 
having a value proportional to electric energy con- 
sumption by said load; 

(d) second accumulating means for accu- 
mulating said second pulse signals as a second 
pulse count having a value proportional to electric 
energy consumption by said load; and 

(e) means in communication with said first 
and second accumulating means for verifying said 
first and second pulse counts by recurrently com- 
paring the values thereof and providing an indica- 
tion of a system abnormality and initiating a tele- 
phone call to a data center when the difference 
between the values of said first and second pulse 
counts exceeds a predetermined threshold value. 

7. The system in accordance with Claim 6 
wherein said disc contains at least one aperture 
therein and said first and second pulse means are 
each photo electric light sensing devices for sens- 
ing light through the at least one aperture in the 
rotating disc to generate said first and second 
pulse signals. 

8. The system in accordance with Claim 7 
wherein each of said photo electric sensing devices 
is energized from a separate electrical power 
source. 

9. In an electricity metering and recording sys- 
tem, apparatus for preventing the loss of recorded 
electrical energy usage data and promptly provid- 
ing an indication of a system malfunction which 
interrupts the proper recording of such electrical 
energy usage data, comprising: 

(a) a meter for metering electrical energy 
usage by a load connected to said meter, said 
meter including a pulse source for generating first 
and second pulse signals, said first and second 
pulse signals being representative of substantially 
duplicate independent measures of the electrical 
energy usage by said load; 



(b) first and second recording channels, re- 
sponsive to said first and second pulse signals 
respectively, for accumulating and storing first and 
second pulse counts respectively, each having a 

5 value substantially proportional to electrical energy 
usage by said toad; and 

(c) means, including processor means, in 
communication with said first and second recording 
channels for recurrently comparing said first and 

70 second pulse counts and providing an indication 
representative of a malfunction in said electricity 
metering and recording system when the difference 
between the values of said first and second pulse 
counts exceeds a predetermined threshold value. 

75 10. The system in accordance with Claim 9 

wherein said pulse source includes independently 
operable first and second pulse means for generat- 
ing said first and second pulse signals. 

11. The system in accordance with Claim 10 
20 wherein said meter further includes a rotatably 

mounted apertured disc which rotates at a rate 
proportional to electric energy usage by said load 
and said first and second pulse means are each 
photo electric light sensing devices for sensing 
25 light through the apertures in the rotating disc to 
generate said first and second pulse signals. 

12. The system in accordance with Claim 11 
wherein each of said photo electric sensing devices 
is energized from a separate electrical power 

30 source. 

13. In an electricity metering system, apparatus 
for providing an indication of a system malfunction 
comprising: 

(a) a meter for metering electrical energy 
35 usage by a load, said meter including indepen- 
dently operable first and second pulse means for 
generating first and second pulse signals respec- 
tively, said first and second pulse signals being 
representative of substantially duplicate indepen- 

40 dent measures of the energy usage by said load; 

(b) first accumulating means, responsive to 
said first pulse signals, for accumulating a first 
pulse count having a value proportional to said 
energy usage; 

45 (c) second accumulating means, responsive 

to said second pulse signals, for accumulating a 
second pulse count having a value proportional to 
said energy usage; 

(d) means for recurrently generating a com- 
50 parison signal; and 

(e) means in communication with said first 
and second accumulating means, and responsive 
to said comparison signal, for comparing said first 
and second pulse counts and providing an indica- 

55 tion representative of a malfunction in the elec- 
tricity metering system when the difference be- 
tween the values of said first and second pulse 
counts exceeds a predetermined threshold value. 
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14. In an electricity metering system, apparatus 
for accumulating backup energy usage data and 
providing an indication of an abnormality in the 
operation of the system, comprising: 

(a) a meter for metering electrical energy 
usage by a load, said meter including pulse source 
means for redundantly generating first and second 
pulse signals, each representative of a substantially 
duplicate independent measure of the electrical 
energy usage by said load; 

(b) first and second accumulating means, 
responsive to said first and second pulse signals 
respectively, for accumulating redundant first and 
second pulse counts; 

(c) first and second storage means in com- 
munication with said first and second accumulating 
means respectively for storing redundant backup 
energy usage data; 

(d) means in communication with said first 
and second accumulating means for recurrently 
comparing said first and second pulse counts and 
providing an indication representative of an ab- 
normality in the operation of the electricity meter- 
ing system when the difference between said first 
and second pulse counts exceeds a predetermined 
threshold value; and 

(e) means for resetting each of said first and 
second accumulating means in preparation for the 
accumulation of said first and second pulse signals 
from said meter. 

1 5. A system for accumulating redundant elec- 
trical energy usage data comprising: 

(a) a meter for metering electrical energy 
usage consumed by a toad connected to said 
meter, said meter including first and second pulse 
means for generating first and second pulse sig- 
nals respectively, each representative of a substan- 
tially duplicate independent measure of the energy 
usage by said load; 

(b) first and second power sources for pro- 
viding energizing current to each of said first and 
second pulse means respectively; and 

(c) an electronic recorder including first and 
second channels for receiving said first and second 
pulse signals respectively, each of said first and 
second channels adapted to accumulate and store 
a corresponding one of said first and second pulse 
signals as first and second pulse counts respec- 
tively, each having a value proportional to a sub- 
stantially duplicate independent measure of the en- 
ergy usage by said load, said electronic recorder 
further including means for recurrently comparing 
the values of said first and second pulse counts 
and providing an indication representative of a sys- 
tem abnormality disrupting the proper accumulation 
of either of said first and second pulse signals in 
said first and second channels respectively when 
the difference between the values of said first and 



second pulse counts exceeds a predetermined 
threshold value. 

16. In a system of the type including a meter 
connected to a power line for metering electrical 

5 energy usage by a load connected to the meter, 
the combination comprising: 

(a) pulse source means in said meter for 
generating redundant first and second pulse sig- 
nals respectively, said first and second pulse sig- 

w nals each being representative of a substantially 
duplicate independent measure of the energy us- 
age by said load; 

(b) a recorder including, 

(i) first and second channels for receiving said first 
15 and second pulse signals respectively, said first 
and second channels each adapted to accumulate 
and store its respectively received first and second 
pulse signals as first and second pulse counts, 
each having a value proportional to a substantially 
20 duplicate independent measure of said energy us- 
age by said load; and 

(ii) means for recurrently generating a com- 
parison signal; and 

25 

(iii) means responsive to said comparison 
signal, for comparing the values of said first and 
second pulse counts and providing an indication of 
a system abnormality when the difference between 

30 the values of said first and second pulse counts 
exceeds a predetermined threshold value. 

17. In a power distribution system of the type 
including a meter for metering electrical energy 
usage by a load, the combination comprising: 

35 (a) pulse source means in said meter for 

generating redundant first and second pulse sig- 
nals, each representative of a substantially dupli- 
cate independent measure of the electrical energy 
usage by said load; 

40 (b) an electronic register in said meter re- 

sponsive to said first pulse signals for monitoring 
electrical energy usage, said electronic register in- 
cluding pulse initiator means for generating third 
output pulse signals substantially proportional to 

45 the measure of electrical energy usage as repre- 
sented by said first pulse signals; 

(c) a recorder, said recorder including first 
and second data channels for receiving said sec- 
ond and third pulse signals respectively, said first 

so and second data channels each including means 
for accumulating its respectively received one of 
said second and third pulse signals as first and 
second pulse counts, said recorder further includ- 
ing means in communication with said first and 

55 second data channels for recurrently initiating a 
comparison of said first and second pulse counts, 
and providing a detectable indication that a system 
abnormality disrupting the normal accumulation of 
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one of said second and third pulse signals has 
occurred when the difference between the values 
of said first and second pulse counts exceeds a 
predetermined threshold value. 

18. The system in accordance with Claim 17 
wherein said pulse source means includes first and 
second independently operable pulse means for 
generating said first and second pulse signals. 

19. The system in accordance with Claim 18 
wherein said meter further includes a rotatably 
mounted apertured disc which rotates at a rate 
proportional to electric energy usage by said load 
and said first and second pulse means are each 
photo electric light sensing devices for sensing 
light through the apertures in the rotating disc to 
generate said first and second pulse signals. 

20. The system in accordance with Claim 19 
wherein each of said photo electric sensing devices 
is energized from a separate electrical power 
source. 

21. The system in accordance with Claim 17 
wherein said pulse source means, said electronic 
register and said recorder are each energized from 
a separate electrical power source. 

22. The system in accordance with Claim 17 
wherein each of said pulse source means, said 
electronic register and said recorder contains its 
own power supply. 

23. The system in accordance with Claim 17 
wherein said pulse source means includes first and 
second independently operable pulse means for 
generating said first and second pulse signals, and 
each of said electronic register and said recorder 
contains an integral power supply, the electronic 
register power supply providing energizing current 
to said first pulse means and the recorder power 
supply providing energizing current to said second 
pulse means. 

24. In a system of the type including a meter 
connected to a power distribution line for metering 
electrical energy usage by a load connected to the 
meter, the combination comprising: 

(a) first and second pulse means in said 
meter for generating first and second pulse signals 
respectively, said first and second pulse signals 
each being representative of a substantially du- 
plicate independent measure of the electrical en- 
ergy usage by said load; 

(b) an electronic register in said meter, said 
electronic register including a power supply for 
providing operating voltages for said electronic reg- 
ister and for said first pulse means, said electronic 
register being responsive to said first pulse signals 
and including means for generating third pulse 
signals representative of the measure of electrical 
energy usage represented by said first pulse sig- 
nals; 

(c) a recorder including, 



(i) a power supply for providing operating voltages 
for said recorder and for said second pulse means, 

(ii) first and second data channels for receiving said 
second and third pulse signals respectively, said 

s first and second data channels each including 
means for accumulating their respectively received 
second and third pulse signals as first and second 
pulse counts, each having a value proportional to a 
substantially duplicate independent measure of the 

io electrical energy usage by said load, and 

(Hi) means for recurrently comparing said first and 
second pulse counts and providing an indication of 
a system malfunction causing a disruption in the 
accumulation of a one of said first, second and 

is third pulse signals when the difference between the 
values of said first and second pulse counts ex- 
ceeds a predetermined threshold value; and 

(d) means for energizing the power supply in 
each of said electronic register and said recorder. 

20 25. The system according to Claim 24 wherein 

said means for energizing includes a separate pow- 
er source for energizing the power supply in each 
of said electronic register and said recorder. 

26. In a system of the type including a meter 
25 connected to a power line for metering electrical 

energy usage by a load connected to the meter, 
the combination comprising: 

(a) first and second pulse means in said 
meter for generating first and second pulse signals 

30 respectively, said first and second pulse signals 
each being representative of a substantially du- 
plicate independent measure of the energy usage 
by said load, said first and second pulse means 
each including a power supply for providing operat- 

35 ing voltages therefor, 

(b) a recorder including, 

(i) a power supply for providing operating voltages 
for said recorder. 

(ii) first and second channels for receiving said first 
4o and second pulse signals respectively, said first 

and second channels each adapted to accumulate 
their respectively received first and second pulse 
signals as first and second pulse counts, each 
having a value proportional to a substantially du- 
45 plicate independent measure of the energy usage 
by said load, 

(Hi) means for recurrently comparing said first and 
second pulse counts and providing an indication of 
a system abnormality causing a disruption in the 
so accumulation of one of said first and second pulse 
signals when the difference between the values of 
said first and second pulse counts exceeds a pre- 
determined threshold value; and 

(c) means for energizing the power supply in 
55 each of said recorder and said first and second 

pulse means. 

27. The system according to Claim 26 wherein 
said means for energizing includes a separate pow- 
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er source for energizing the power supply in each 
of said recorder and said first and second pulse 
sources. 

28. In a system of the type including a meter 
connected to a polyphase power line for metering 
electrical energy use by a load connected to the 
meter, the combination comprising: 

(a) first and second pulse means in said 
meter for generating first and second pulse signals 
respectively, said first and second pulse signals 
each being representative of a substantially du- 
plicate independent measure of the energy usage 
by said load: 

(b) an electronic register in said meter, said 
electronic register including a power supply for 
providing operating voltages for said electronic reg- 
ister and for said first pulse means, said electronic 
register being responsive to said first pulse signals 
and including means for generating third pulse 
signals representative of the measure of the elec- 
trical energy usage represented by said first pulse 
signals; 

(c) a recorder including. 

(i) a power supply for providing operating voltages 
for said recorder and for said second pulse means. 

(ii) first and second channels for receiving said 
second and third pulse signals respectively, said 
first and second channels each including means for 
accumulating their respectively received second 
and third pulse signals as first and second pulse 
counts, each having a value proportional to a sub- 
stantially duplicate independent measure of the 
electrical energy usage by said load, 

(iii) means for recurrently comparing said first and 
second pulse counts and providing an indication of 
a system abnormality causing a disruption in the 
accumulation of a one of said first, second and 
third pulses when the difference between the val- 
ues of said first and second pulse counts exceeds 
a predetermined threshold value; and 

(d) means connecting the power supply in 
each of said electronic register and said recorder 
to a separate phase of said polyphase power line 
whereby each power supply is separately ener- 
gized from said polyphase power line. 

29. In a system for accumulating energy usage 
data from a remote electricity meter, the combina- 
tion comprising: 

(a) a pulse source means in said meter for 
generating first and second pulse signals, said first 
and second pulse signals being representative of 
substantially redundant independent measures of 
the energy usage; 

(b) pulse initiator means, responsive to said 
first pulse signals, for generating third pulse signals 
related to said first pulse signals, said pulse in- 
itiator means including power supply means for 
providing energizing current for said pulse initiator 



means and for said pulse source means; 

(c) an electronic recorder, including means 
for accumulating said first and third pulse signals 
as redundant first and second pulse counts, each 

5 having a value substantially proportional to an in- 
dependent measure of energy usage, means for 
recurrently comparing said first and second pulse 
counts and providing an indication of an abnormal- 
ity in the system disruption the normal accumula- 
te tion of said first and third pulse signals when the 
difference between the values of said first and 
second pulse counts exceeds a predetermined 
threshold value, said electronic recorder further in- 
cluding power supply means for providing energiz- 
es ing current therefor; and 

(d) means for providing power to the power 
supply means in each of said pulse initiator means 
and said electronic recorder. 

30. In a power distribution system, apparatus 
20 for metering electric energy usage by a load com- 
prising: 

(a) first and second pulse means for generat- 
ing first and second pulse signals respectively, said 
first and second pulse signals being representative 

25 of substantially duplicate independent measures of 
the electric energy usage by said load; 

(b) first and second counter means for 
counting said first and second pulse signals re- 
spectively; 

30 (c) first and second accumulator means for 

accumulating said first and second pulse signals 
respectively; 

(d) first and second storage means for stor- 
ing said first and second pulse signals respectively 

as as redundant backup energy usage data; 

(e) comparator means in communication with 
said first and second counter means and said first 
and second accumulator means for comparing the 
contents of said first and second accumulator 

40 means upon either of said first and second counter 
means achieving a prescribed count, said com- 
parator means further including means for generat- 
ing a trouble signal indicative of a system ab- 
normality affecting the normal accumulation of said 

45 first and second pulse signals when the difference 
between the contents of said first and second ac- 
cumulator means exceed a prescribed value; and 

(f) means for providing a reset signal to said 
first and second counter means and said first and 

so second accumulator means, following the compar- 
ing by said comparator means. 

31. In a system of the type for recording elec- 
trical energy usage data from a remote site, the 
combination comprising: 

55 (a) a meter for metering electrical energy 

consumed by a load at said remote site, said meter 
including pulse source means for generating first 
and second pulse signals, said first and second 
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pulse signals being representative of substantially 
redundant independent measures of the electrical 
energy consumed by said load; 

(b) a recorder in communication with said 
meter for recording said first and second pulse 
signals, said recorder including, 

(i) means for signaling of the presence of a system 
abnormality affecting the normal recording of said 
first and second pulse signals; 

(ii) a stored program processor, including memory 
means having a plurality of selectively addressable 
storage locations for accumulating in separate stor- 
age locations thereof said first and second pulse 
signals as first and second pulse counts respec- 
tively, said first and second pulse counts each 
having a value substantially proportional to the in- 
dependent measure of electrical energy consump- 
tion as represented by each of said first and sec- 
ond pulse signals respectively, said stored program 
processor further including, 

means for directing the accumulation of said first 
and second pulse signals into said separate stor- 
age locations of said memory means to form said 
first and second pulse counts, 
means for recurrently comparing said first and sec- 
ond pulse counts, and 

means for enabling said means for signaling when 
the difference between the values of said first and 
second pulse counts exceeds a predetermined 
threshold value. 

32. In an electric power distribution system for 
accumulating electrical energy usage data repre- 
sentative of different measured electrical param- 
eters, the combination comprising: 

(a) first and second electronic meters con- 
nected to said system for metering electrical en- 
ergy usage, each adapted to generate a first pulse 
signal and a second pulse signal, the first pulse 
signal generated by each of said first and second 
electronic meters each being representative of a 
redundant measure of a first measured electrical 
parameter, and each second pulse signal being 
representative of a redundant measure of a second 
measured electrical parameter; and 

(b) an electronic recorder including, 

(i) a first pair of data channels, each data channel 
coupled to a corresponding one of said first and 
second electronic meters for receiving therefrom a 
corresponding first pulse signal, each data channel 
of said first pair adapted to accumulate its cor- 
respondingly received first pulse signal, to thereby 
establish redundant pulse counts in said first pair of 
data channels, the pulse count in each data chan- 
nel having a value substantially proportional to a 
first measured electrical parameter, 

(ii) a second pair of data ^channels, each data 
channel coupled to a corresponding one of said 
first and second electronic meters for receiving 



therefrom a corresponding second pulse signal, 
each data channel of said second pair adapted to 
accumulate its correspondingly received second 
pulse signal, to thereby establish redundant pulse 
5 counts in said second pair of data channels, the 
pulse count in each data channel having a value 
substantially proportional to a second measured 
electrical parameter, and 

(iii) means for recurrently comparing the redundant 
10 pulse counts in said first pair of data channels and 
the redundant pulse counts in said second pair of 
data channels, and providing an indication repre- 
sentative of a system abnormality disrupting the 
normal accumulation of said first and second pulse 
rs signals by either of said first and second pair of 
data channels respectively when the difference be- 
tween the values of the redundant pulse counts in 
either one of said first and second pair of data 
channels exceeds a predetermined threshold value. 
20 33. In a system of the type for recording elec- 
trical energy usage data from a remote site, the 
combination comprising: 

(a) first and second meters, each serving to 
meter electrical energy consumed by a load con- 

25 nected to each of said first and second meters, 
each of said first and second meters including a 
pulse source means for generating first and second 
pulse signals, said first and second pulse signals 
being representative of substantially redundant in- 

30 dependent measures of the electrical energy con- 
sumed by a load connected to each of said first 
and second meters; and 

(b) a stored program recorder, including, 

(i) a first pair of data channels coupled to the pulse 
35 source means of said first meter, 

(ii) a second pair of data channels coupled to the 
pulse source means of said second meter, each of 
said first pair and said second pair of data chan- 
nels adapted to accumulate the first and second 

40 pulse signals from its respectively coupled pulse 
source means, to thereby establish therein redun- 
dant first and second pulse counts, 

(iii) means for controlling the accumulation of said 
first and second pulse signals by each of said first 

45 pair and said second pair of data channels, 

(iv) means for recurrently comparing the redundant 
first and second pulse counts of each of said first 
pair and said second pair of data channels, and 

(v) means, responsive to said means for recurrently 
so comparing, for providing an error indication repre- 
sentative of a system abnormality disrupting the 
normal accumulation of said first and second pulse 
signals in either of said first pair and said second 
pair of data channels when the difference between 

55 the values of the redundant first and second pulse 
counts in either of said first pair and said second 
pair of data channels exceeds a predetermined 
threshold value. 

20 
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34. In an electricity metering system, a method 
of metering electricity energy usage by a load and 
providing an indication of a system malfunction, 
comprising the steps of: 

(a) generating first and second pulse signals, 
said first and second pulse signals being repre- 
sentative of substantially duplicate independent 
measures of the same energy usage by said load; 

(b) accumulating said first and second pulse 
signals as first and second redundant pulse counts 
respectively, each having a value proportional to a 
substantially independent measure of the energy 
usage by said load; 

(c) comparing, recurrently, the values of said 
first and second pulse counts; and 

(d) providing an indication representative of 
a malfunction in the electricity metering system 
when the difference between the values of said first 
and second pulse counts exceeds a predetermined 
threshold value. 

35. The method of Claim 34. including the step 
of storing the accumulated fist and second pulse 
signals to provide redundant backup energy usage 
data. 

36. The method of Claim 34, including the step 
of initiating a telephone call to a data center as 
notification of a malfunction in the electricity meter- 
ing system. 

37. In an electricity metering system, a method 
of accumulating backup electrical energy usage 
data and providing an indication of a system ab- 
normality affecting the normal accumulation of such 
electrical energy usage data, comprising the steps 
of: 

(a) generating first and second pulse signals, 
each having a different pulse format and each 
being representative of a substantially duplicate 
independent measure of electrical energy usage; 

(b) accumulating said first and second pulse 
signals as first and second redundant pulse counts 
respectively, each having a value proportional to a 
substantially independent measure of the electrical 
energy usage as represented by said first and 
second pulse signals; 

(c) comparing the values of said first and 
second pulse counts; 

(d) storing said first and second pulse counts 
as backup electrical energy usage data; and 

(e) providing an indication that a system 
abnormality exists affecting the normal accumula- 
tion of at least a one of said first and second pulse 
signals when the difference between the values of 
said first and second pulse counts exceeds a pre- 
determined threshold value. 

38. A method of accumulating backup electrical 
energy usage data from a remotely located elec- 
tricity meter and verifying the accuracy of such 
data, comprising the steps of: 



(a) generating, from said electricity meter, 
first and second pulse signals, each representative 
of a substantially duplicate independent measure of 
electrical energy usage at the location of said elec- 

5 tricity meter; 

(b) accumulating said first and second pulse 
signals to develop redundant first and second elec- 
trical energy usage counts respectively; 

(c) storing said first and second electrical 
10 energy usage counts as backup electrical energy 

usage data; 

(d) comparing, recurrently, the accumulated 
first and second electrical energy usage counts to 
verify that the difference between the values there- 

15 of is within a predetermined threshold value; 

(e) providing a detectable indication repre- 
sentative of a malfunction disrupting the normal 
accumulation of said first and second pulse signals 
when the difference between the values of said first 

20 and second electrical energy usage counts is not 
within said predetermined threshold value; and 

(f) presetting each of the accumulated first 
and second electrical energy usage counts to a 
prescribed count in preparation to a further accu- 

25 mulation of said first and second pulse signals. 

39. In a remote meter reading system of the 
type including an electricity meter connected to a 
programmable electronic recorder of the type 
adapted to communicate with a data processing 

30 center, a method of accumulating verifiable elec- 
trical energy usage data from the electricity meter 
and notifying the data processing center of a sys- 
tem abnormality affecting the normal accumulation 
of electrical energy usage data, comprising the 

35 steps of: 

(a) providing, to said electronic recorder 
from said electricity meter, first and second pulse 
signals, each being representative of a substantially 
duplicate independent measure of electrical energy 

40 usage at the location of said electricity meter; 

(b) accumulating, in a memory of said elec- 
tronic recorder, said first and second pulse signals 
to develop redundant first and second electrical 
energy usage counts respectively; 

45 (c) storing, in a memory of said electronic 

recorder, said first and second electrical energy 
usage counts as backup electrical energy usage 
data; 

(d) comparing, recurrently, in said electronic 
50 recorder, said first and second electrical energy 
usage counts to verify that the difference between 
the values of said first and second electrical energy 
usage counts is within a predetermined threshold 
value; and 

55 (e) calling said data processing center, from 

said electronic recorder, when the difference be- 
tween the values of said first and second electrical 
energy usage counts is not within said predeter- 
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mined threshold value as notification of a system 
abnormality affecting the normal accumulation of 
said first and second pulse signals in the memory 
of said electronic recorder. 

40. In an electricity metering system for meter- 
ing electrical energy consumed by a load, a meth- 
od of accumulating verifiable electrical energy us- 
age data representative of different measured elec- 
trical parameters, comprising the steps of: 

(a) providing first and second meters for the 
redundant metering of electrical energy consumed 
by a load at the location of said first and second 
meters; 

(b) generating from each of said first and 
second meters first and second pulse signals, the 
first pulse signals each being representative of a 
redundant measure of a first measured electrical 
parameter and the second pulse signals each be- 
ing representative of a redundant measure of a 
second measured electrical parameter; 

(c) accumulating the first pulse signals from 
each of said first and second meters to develop 
redundant first and second pulse counts, each hav- 
ing a value substantially proportional to a first mea- 
sured electrical parameter; 

(d) accumulating the second pulse signals 
from each of said first and second meters to de- 
velop redundant third and fourth counts, each hav- 
ing a value substantially proportional to a second 
measured electrical parameter 

(e) comparing, recurrently, said first and sec- 
ond pulse counts; 

(f) comparing, recurrently, said third and 
fourth pulse counts; and 

(g) providing a detectable indication repre- 
sentative of a system abnormality disrupting the 
normal accumulation of said first and second pulse 
signals from either of said first and second meters 
when the difference between the values of either of 
said first and second pulse counts and said third 
and fourth pulse counts exceeds a predetermined 
threshold value. 

41 . The method of Claim 40, including the step 
of storing said first and second pulse counts and 
said third and fourth pulse counts as backup elec- 
trical energy usage data representative of said first 
and second measured electrical parameters. 

42. The method of Claim 40, wherein the step 
of providing a detectable indication further includes 
the step of identifying which of said first and sec- 
ond pulse counts and said third and fourth pulse 
counts provided said detectable indication. 

43. In a remote meter reading system of the 
type including an electricity meter providing pulse 
signals representative of energy usage data to an 
electronic recorder having an executable program 
stored in a memory of the recorder, a method of 
recording verifiable energy usage data and signal- 



ling the occurrence of a pulse signal recording 
error, comprising the steps of: 

(a) providing, to said electronic recorder 
from said electricity meter, first and second pulse 

s signals, each being representative of a substantially 
duplicate independent measure of electrical energy 
usage at the location of said electricity meter; 

(b) providing, in said electronic recorder, first 
and second channels for receiving said first and 

io second pulse signals respectively; and 

(c) executing the program in said electronic 
recorder while, 

(i) reading said first and second pulse signals into 
said first and second channels respectively; 

75 (ii) accumulating, in said first and second channels, 
those of said first and second pulse signals, re- 
spectively, which are present at said electronic 
recorder at the time of reading to develop first and 
second pulse counts, while counting the number of 

20 accumulated first and second pulse signals to es- 
tablish first and second count limits, respectively, 
to be achieved, 

(iii) storing the first and second pulse counts devel- 
oped in the step of accumulating as redundantly 

25 verifiable backup energy usage data, 

(iv) testing to see if either of said first and second 
count limits has been achieved, 

(v) repeating the preceding steps of executing the 
program until a one of said first and second count 

30 limits is achieved, 

(vi) comparing the number of that one of said first 
and second pulse signals counted which has not 
achieved its count limit with a predetermined 
threshold value to determine if a pulse signal accu- 

35 mulation error has occurred in either one of said 
first and second channels, 

(viii) creating, in the memory of said electronic 
recorder, a status error log identifying the one of 
said first and second channels wherein the accu- 

40 mulation error occurred when the number com- 
pared with the predetermined threshold value, in 
the step of comparing, is greater than the predeter- 
mined threshold value, and 
(viii) providing a detectable indication of the occur- 

45 rence of an accumulation error. 

44. The method of Claim 43, wherein the step 
of creating further includes the step of recording 
the time and date of the occurrence of the accu- 
mulation error. 

so 45. In an electricity metering system apparatus 
for remotely monitoring the operation of meters, 
comprising: 

(a) first and second meters connected to 
said system for metering electrical energy usage 

55 by a load connected to the meters each of said 
meters including means for generating pulse sig- 
nals, the pulse signals from said first and second 
meters normally being representative of redundant 

22 



43 EP 0 360 511 A2 44 

measures of the electrical energy usage by the 
load; 

(b) a pair of data channels, each data channel 
coupled to a corresponding one of said first and 
second meters for receiving therefrom the pulse s 
signals generated thereby, each data channel of 
said pair, adapted to accumulate its correspond- 
ingly received pulse signals to thereby establish 
redundant pulse counts in said pair of data chan- 
nels, the pulse count in each data channel normally w 
having a value substantially proportional electrical 
energy usage by the load; and 

(c) means for recurrently comparing the 
pulse counts in said pair of data channels and 
providing an indication identifying a one of said first is 
and second meters which is generating pulse sig- 
nals at a different rate than the pulse signals being 
generated by the other meter when the difference 
between the values of the pulse counts in said pair 

of data channels exceeds a predetermined thresh- 20 
old value. 
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